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Abstract 
The accuracy of the servo system is dependent on the speed or band width of the closed loop control system. To achieve the high 
speed closed loop operation, hardware oriented control is preferred and it is achieved by means of an ASIC (Application Specific 
Integrated Chip). The servo system is used to drive a two axis robotic arm moving in a plane where two PMSM motor with servo 
control provides the required motion. Robotic applications require quick and accurate changes in driving torque so that the 
required motion behaviour is attained. Quick change in operating flux is required for fast and accurate servo control. 
Conventional scalar control drives cannot achieve quick response time and hence vector control is employed. The IRMCK201 
ASIC used in the application has the Vector Control algorithm hard wired into it for complete servo control of a single PMSM. It 
takes the position and current feed back by using shaft encoder, hall sensor and IR2175 Current sensing IC. It can set up 
communication with a host controller through either high speed serial, SPI or Parallel protocols. The inverter unit is implemented 
using an Intelligent Power Module (IPM) and it is driven by the Space Vector Modulation signals from IRMCK201. The work 
shows that highly efficient servo drive can be implemented using IRMCK201 and Host controller with PMSM.  
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1. Introduction 
Prototype Fast Breeder Reactor (PFBR) has 8 Steam Generators (SG). Primary loop of the SG contain 
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liquid sodium flow at high temperature and secondary side has DM water feedback. The feed water absorbs heat 
from sodium flow in the SG tubes and steam is produced. Care should be taken to avoid any leak of hot sodium into 
the feed water because the reaction will be catastrophic in nature. For the safety of the system, periodic in-service 
inspection (ISI) is mandatory for the Steam Generators. Manual inspection of the system is practically difficult 
because of space constraints. A two axis robotic arm is suitable for in -service inspection, called Tube Locator 
Module (TLM). The motion trajectory of each arm is decided by Inverse Kinematic algorithm and motion profile is 
generated by velocity Jacobian. 
The TLM will be actuated by servo drive with two PMSM. IRMCK201 reduces the software complexity of 
the drive considerably as it is having hard wired vector control logic with SVM output. The over governing control 
system is implemented in PIC micro controller. In real time operation, PIC micro controller act as master and 
IRMCK201 as slave. Information such as the angle to be rotated, velocity etc is given to IRMCK201 from PIC 
controller. The micro controller ensures the closed loop error is zero and cross check the results.  
2. Theory 
2.1 Field Oriented Control of PMSM 
Field oriented control or vector control is the method of control, which makes ac drives equivalent to dc 
drives. In this method, the stator current phasor is resolved along rotor flux linkages to achieve the desired objective. 
FOC is based on transformation from a three phase system (abc coordinates) to two phase system (dq) coordinates.  
 
Fig.1 FOC Control 
Fig.1 shows the block diagram of FOC of PMSM. There are two control loops for FOC control of PMSM. 
They are outer speed control and inner current control. FOC control is implemented with direct axes current equal to 
zero since the magnetizing flux is provided by permanent magnet on the rotor. The quadrature axes of current 
controls the torque component there by making the coupling characteristics of PMSM decoupled one. FOC 
algorithm is preferred for the control of PMSM drive as it provides quick accurate response. Implementation of FOC 
algorithm requires knowledge of coordinate transformation namely Park's transformation and Clarke's 
transformation. Park's transformation involves transformation of machine variables to arbitrary reference frame 
fixed in the rotor. It eliminates time varying inductance from the voltage equations of three phase machine during 
rotor spinning. Clarke's Transformation involves transformation of stationary circuit elements to a stationary 
reference frame. Į and ȕ denote the stationary two-phase variables of Clarke's transformation.  
2.2 Space Vector Pulse Width Modulation 
Space vector modulation determines duty cycle for each leg in the inverter circuit to generate a reference 
voltage phasor by selecting nearest of two voltage vectors at each sample time. SVPWM tries to produce a three 
phase balanced sinusoidal output having reduced harmonic components. According to switching sequence of IGBT 
switches there are six non zero voltage space vectors which are denoted by V1,V2,V3,V4,V5,V6 and two zero space 
522   T.M. Rinson Antony et al. /  Procedia Engineering  86 ( 2014 )  520 – 528 
vectors denoted by V0 and V7. Placement and order of non-zero space vectors are key factors, which determine the 
performance of this control strategy. Different space vectors are shown in fig.2 
 
Fig.2 Space Vector States 
In the fig.3 , the reference voltage vector lies in secotor 3.  The duration of the vector depends on 
instantaneous magnitude of output voltage signal required. 
2.3 Inverse kinematics  
             In Inverse Kinematics, for a given or desired end effecter position and orientation, the task is to compute 
the joint rotations and translations to reach the desire end effecter, ߠ ൌ ݂ିଵሺݔǡ ݕሻ .By using the Inverse 
Kinematics, the rotations and translations of the two axis robotic manipulator are found in order to reach the end 
effecter (i.e. tube location) for inspecting the tubes of the Steam Generator.   
 
3. Hardware 
 
Fig.3 Hardware 
The basic hardware block diagram is shown in fig.3 
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3.1Brushless AC Servo Motor 
The PMSM motor used is of 100 watts power and speed ranges up to 5000 rpm. The motor has hall sensors 
and Incremental encoder - (2000ppr) for rotor position feedback. The motor used along with gear of 50:1 reduction 
ratio. Usage of gear enabled more precise angle control with much higher torque.  
3.2 IRMCK201 and Host Microcontroller 
IRMCK201 is high performance configurable digital AC servo control IC manufactured by International 
Rectifiers.  The IC operates at maximum clock frequency of 33.33 MHz It is an ASIC (Application Specific 
Integrated Chip). As the logics (FOC, SVPWM etc) are hard wired there is no delay in executing them. The user 
needs to input details particular to the application through the internal write registers of the IC. The IRMCK201 IC 
shown in fig4 
 
Fig.4 IRMCK201 
The IRMCK 201 has internal Writer and Read registers. Servo is configured by updating proper values into 
these registers. Real time monitoring and feedback correction is possible by reading the Read register values by the 
host Microcontroller. The serial communication port of PIC controller is directly connected to IRMCK201 serial 
input. Two of PIC controller pins are used to reset digital and PLL logic of IRMCK201. The digital logic should 
reset after 50 ms from PLL reset. Because the PLL circuitry takes some minimum time to get latched to the clock 
frequency of IRMCK201 external clock generator signal.  
3.3 Intelligent Power Module and Safety Features 
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Fig.5 Intelligent Power Module and Over current Protection 
 
IPM and over current sensing circuit is shown in fig.5. This PMSM drive is designed with an IPM as output 
inverter unit. The IPM used is IRAMX16UP60A. It is more compact and simpler than inverter unit with discrete 
components. It can give power output up to 2KW at 450 V. It is equipped with matched propagation delay and under 
voltage lockout. Thermal and over current protection is enabled by external circuitry. When the voltage at Itrip 
exceeds 4.3 V the IRMCK201 enters into an idle state and no output is produced. Such situation can arise from two 
cases, when the resistance of the Thermistor decreases below a threshold due to overload and temperature or by 
turning off the Mosfet switch. The Mosfet switch is triggered by current sensing IC IR2175.   
3.4 Current Sensing IC IR2175 
The current measurement is required for implementing FOC algorithm. The V and W phase currents should 
be feed back to IRMCK201 IC. IRMCK201 is compatible with the current measuring IC IR2175. This IC can be 
used for motor current measurement up to 28 A peak. The output from the IC is open drain pulse whose centre 
frequency is 130 KHz and duty changes from 9 % to 91 % which represent the magnitude of the current being 
measured.  
4. Software 
The full software architecture is shown in fig.6. 
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Fig.6 Software Architecture 
 
4.1 Normal Operation 
The micro controller has to configure the internal write registers of the IRMCK201 to get the FOC of 
PMSM ready.  For the first operation of the motor, the initial rotor position is sensed using hall sensors and the 
corresponding value is written into the 16bit position register. Information such as maximum encoder pulse, encoder 
count reset value for Z pulse etc and selection data such as symmetric or asymmetric PWM, logic low or logic high 
output for inverter and dead time should be entered to configure IRMCK201 for FOC operation. The inner current 
loops (quadrature axis and direct axis current control loops) and outer velocity loop settings should be entered. It 
includes the current and velocity references, limiting values and the proportional and integral gain values of the PI 
controllers. Two sets of dedicated registers are there for controlling the acceleration and deceleration characteristics. 
They are useful in getting the proper velocity profile for the servo motion. Proper scale factors should be used to 
Yes 
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normalise the values required for FOC control as per data sheet. After configured for FOC control the Host 
controller can send angle, speed and acceleration data to IRMCK201. To get PWM output from IRMCK201, the 
FOC and PWM enable bits should be set. The FOC bit is set first and after 10 ms , the PWM enable bit is set. This 
will automatically calculate the offset values for current feedback in auto mode. Once the motor start rotating, the 
operating parameters such as current, angle, speed etc can be read from the Read registers of IRMCk201. These 
values are read by host controller and accordingly the acceleration and deceleration values are changed. The FOC 
can be configured to operate either in Velocity mode or Torque mode. In both case the master controller has to 
closely observe the system parameters for error correction.  
4.2 Fault Condition 
 
Fig.7 state diagram 
 
Fig.7 shows the state diagram of operation of the PMSM drive. Over current and over speed faults are 
detected by IRMCK201. In addition to this, the Intelligent Power Module is given external over current protection 
which also triggers the gate kill pin of IRMCK201. The user should continuously monitor the fault status read 
register to check whether any fault has occurred.  In the event of occurrence of any fault, the PWM and FOC enable 
bits are reset. Thus all PWM outputs are stopped. IPM automatically reset fault status after 9 ms. But for 
IRMCK201 the fault conditions are latched. They should be reset to regain operation when faults are rectified.  For 
this fault clear register should be set, and after some delay it should again be reset for enabling fault monitoring.  
4.3 Torque and Velocity Mode Operations. 
Torque mode: The torque mode is inherently suitable for position control applications. Here the 
IRMCK201 outer speed loop is bypassed and direct torque reference is given. The torque reference is chosen 
proportional to the angle error (Torque reference= K* position error). The limiting value of torque PI controller 
ensures safe velocity for the structure.   The position error is easily readable from the read registers. At the 
beginning of servo motion, the torque applied will be maximum and it becomes zero and motion stops when 
position error is zero. With proper gear ration even without setting any offset value it is possible to achieve zero 
position error in torque mode control.   
Velocity mode control: In velocity mode control both outer velocity loop and inner current loops are active 
in IRMCK201. Velocity mode will put less burden on the host controller on velocity profile shaping. But the 
position control can be implemented with external monitoring for error correction. The acceleration and deceleration 
characteristics should be properly selected and fine tuned so that minimum positional error occur.  
4.4 Communication 
  RS232 serial communication of speed 512 Kbps is used between Master controller and slave IRMCK201. 
The communication format for read and write is as follows. The read and write operation is distinguished by the 
starting bit of offset starting address, which 1 for write and 0 for read. The check sum enables a way of error 
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correction. The Master controller should check the checksum byte send and received to verify the absence of error. 
The communication protocol is shown in fig.8 
 
 
Fig.8 Communication protocol 
5. Results 
The servo system is implemented using IRMCK201 and Host controller with PMSM motor. High 
performance closed loop FOC was demonstrated with the set up. Both Velocity mode control and torque mode 
control operations were tested and verified. The results obtained with the set up are given in table.1 
Sl.No Characteristic Result 
1 Motion Profiles Generated Acceleration, Deceleration and 
constant speed. 
2 Modes of operation achieved Velocity and Torque mode 
3 Accuracy of position control  .1178 mm 
4 Current feedback band width 5 KHz 
Table.1 
The robotic arm and it’s effectiveness is tested on a one to one work bench which is equivalent in 
dimension to the original system.  The schematic of the test bench is given in fig.9 
 
 
Fig.9 Test bench 
 
6. Conclusion and Future Scope 
High performance and configurable servo drive is implemented using a combination of IRMCK201 ASIC 
and a host Microcontroller.  Such a system is capable of establishing fast communication network for interfacing 
with other Processing or controlling units. Hence the system developed is very useful for much expanded systems of 
higher degree of motions because of their interconnecting capability. As the hardware is ready, difficult and 
complex servo or robotic motion generation is now only a part of driver program for the Host Microcontroller. The 
future work remaining is to develop driver software for the host microcontroller that can simulate all types of motion 
with the developed hardware. 
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